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Chapter 2

The Many Facets of Skills

Major changes in the Nation’s economic environment have fostered an increasing need for infor-
mation on both the supply of skills and the demand for them.  Over the past few decades, the

country’s economy has moved from an era of industrial production to the “information age.”  New
industries have been created and older industries have declined dramatically.  Success in this new
economy depends primarily on a workforce that can adapt to constant change and adopt the new
technologies to make production more efficient.

To make informed decisions, different groups
look at skills in the labor market in different
ways.   Policy makers, for example, want to know
if the current labor force is highly skilled and
versatile enough to sustain economic growth.
Employers will want to evaluate the skills of their
workers to identify needs for training or new
hires.  Employers and compensation specialists
want information that will help them determine
the wages they must offer to be able to hire work-
ers who have the skills that they require.  Indi-
viduals want to know what specific skills they
will need to acquire to obtain their first job, to
qualify for and succeed in their intended career,
to gain a promotion, or to continue functioning
effectively in their current job in a changing en-
vironment.

Employers are increasing their demand for
workers with specialized skills.  Although edu-
cation has always been valued, employers are
seeking to hire highly trained workers and are
providing training on both basic skills and new
techniques to their current workforce.  As a
result, the pay gap between highly skilled
workers and less trained workers continues to
grow.

At the same time, many new and old ser-
vice establishments do not require specialized
skills.  Instead, they depend on convenience,
choice, quality, and price to satisfy their cus-
tomers.  Workers in many of these jobs do not
need a college education or advanced train-
ing.

Using a variety of historical BLS data and
some new BLS measures, this chapter explores
the following topics:

• Alternative dimensions of skill

• Changes in the economic environment and
their effects on the skill composition of
the labor force

• Broad measures of change in the educa-
tion and work experience of the labor
force
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• Changes in average skill levels resulting
from shifts in employment by industry
and occupation

• Trends in occupational education and
training requirements

• Relationship between skills and earnings

• Occupational shortages

Defining Skills

There are different dimensions to the concept of
skill.  In a labor market context, skill refers both
to the abilities, or human capital, of workers, as
well as to the specific requirements of individual
jobs (or jobs classified into the same occupation
category).  The real distinction in looking at the
skill of workers, as compared to the skill require-
ments of occupations, is that workers can be
viewed by their potential.  Skills, abilities, and
knowledge that workers possess indicate what
they can do.  Skills are learned over time, through
instruction and practice.  A young labor market
entrant with little schooling, by definition, is un-
skilled.  A worker with some education but no
practical work experience becomes more skilled
through practice, on-the-job training, and continu-
ing education.  Therefore, both education and
accumulated work experience contribute to the
skill with which a worker performs a job and the
wage rate that he or she can command, so long as
the prior schooling and work experience are rel-
evant to the current job.

The skills people bring to the labor market have
changed over time.  In addition, changes in aver-
age skill levels in the overall economy can result
from changes in: 1) The industrial composition of
employment, 2) the occupational composition of
employment, and 3) changes over time in the av-

erage skill requirements of given occupations.  That
is, employment growth (or decline) in certain in-
dustries and shifts over time in the types of work-
ers needed within a given industry alter the num-
ber of workers required in certain occupations.

Occupational requirements can also change
over time, but to track these changes requires de-
tailed information.  Occupations are classified
based on their required tasks and duties, which
can be further defined in terms of the skills needed
to perform those tasks.  Workers also must pos-
sess certain skills and knowledge in order to
qualify for entry into different occupations.  The
Department of Labor has developed the Occupa-
tional Information Network, or O*NET (see box),
to provide this type of information.

 Among economists, the concepts of skill dif-
ferentials and wage rate differentials are closely
related.  The value of a worker’s time depends on
the usefulness of his or her skills in the produc-
tion process.  It is assumed that employers will
not pay employees more than the value that they
can produce, and that employees will not work
for less than the wage rate they could earn else-
where.  Thus, wages are often used as an opera-
tional proxy for skill level.

This chapter uses several different measures to
examine changes in the skills of the labor force
and the skill requirements of occupations.  The defi-
nitions of these various measures will be explained
as they appear in the course of the analysis.

The Economic Environment

The economic environment provides the context
for our discussion of work skills of the labor force.
Since 1983, the United States has enjoyed two
long periods of sustained economic growth, in-
terrupted by a single and relatively mild reces-
sion. The current economic expansion has lasted

Occupational Information Network—O*NET

The Department of Labor’s Employment and Training Administration released the O*NET 98
database and viewer to the public in 1998, along with a user’s guide and data dictionary.
O*NET is a comprehensive database of occupational requirements, including information on
required knowledge, skills, tasks, and machines, tools, and equipment, as well as data on worker
requirements and characteristics, using a common language to define and describe the various
elements.  The flexible design and electronic database format of O*NET are intended for rapid
capture of changing job requirements.  These technological enhancements will remedy the
drawbacks of the precursor to O*NET, the static Dictionary of Occupational Titles, which first
came into use in the late 1930s and was updated through new editions roughly every 10 to 15
years.
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longer than any other in the post-war period.  Per
capita increases in stocks of “broad capital,” that
is, stocks of both physical and human capital, have
resulted in increased worker productivity and in-
creased output per person.1

Several economic forces have underlying ef-
fects on the skill-composition of the workforce.
Shifts in the demand for skill stem from techno-
logical change, and increased “globalization” of
production.  At the same time, long-run changes
in education, training, and work experience, as
well as long-run shifts in the sex and age compo-
sition of the labor force and the impact of immi-
gration have redefined the skills that workers bring
to the labor force.

Technological change.  New technologies have
reshaped the skill needs of today’s labor force, ei-
ther in the restructuring of the requirements of in-
dividual jobs or the distribution of employment

across jobs.  The changing face of the labor force
did not occur overnight; in many establishments,
both old and new technologies are used simulta-
neously.  This effect of technological development
is not uniform for all jobs.  For some, the required
skill level has increased, for others it is reduced,
and for yet others it has remained  unchanged.

The content of a given job may have changed
through technological innovation, although the
job title remains unchanged.  This is highlighted
below in the description of drafters in the 1966-
67 and 1998-99 editions of the Occupational
Outlook Handbook.

Drafters today still do the same work as they
did 30 years ago; they just use additional, more
complex skills to perform their tasks.

The widespread use of microprocessors has
led to a restructuring of factory and office jobs
throughout the economy.  Several work tasks, pre-
viously completed by unskilled and low-skilled

  Characteristic 1966-67 duties     1998-99 duties

Nature of work Draws detailed working plans Prepares technical drawings
from the ideas, rough sketches, and plans.
specifications, and calculations
of engineers, architects, and
designers. Might also calculate
the strength, reliability, and
cost of materials and plans.

Tools Uses instruments such as com- Uses technical handbooks,
passes, dividers, protractors, tables, calculators, and com-
and triangles, as well as puters. Most drafters now use
machines that combine the computer-aided drafting
functions of several devices. (CAD) systems to prepare
May also use engineering hand- drawings.
books and tables to assist in
solving technical problems.

Recommended education High school or post-high school Postsecondary training includ-
or training courses in mathematics and ing a solid background in com-

physical sciences, as well as in puter-aided drafting and design
mechanical drawing and techniques as well as com-
drafting.  The study of shop munication and problem-
practices and shop skills are solving skills.
also helpful.

Qualifications for success Ability to visualize objects in Well-developed drafting and
three dimensions and to do mechanical drawing skills, a
freehand drawing. knowledge of standards, math-

ematics, science, and engineer-
ing technology.

 Drafters
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workers, now may be handled through automated
machines.  With the elimination of repetitive, rou-
tine tasks, the remaining workers are called upon
to perform tasks of increased complexity. The
skills requirements of some jobs have increased
(as demonstrated in the drafter example above),
whereas the level of skill required for some low
skilled jobs has either been reduced or the job
eliminated entirely.  For example, sales clerks may
no longer need to key in the price of an item, but
can either scan the product or point to a picture
of the item.

In addition to restructuring the requirements
of specific jobs, firms also can change their staff-
ing patterns or the mix of occupations they em-
ploy over time. In the cigarette manufacturing
industry, for example,  between 1989 and 1995,
the share of production workers decreased by 12
percentage points (from 66 percent to 54 percent),
while nonproduction workers increased in share
by 14 percentage points (from 32 percent to 46
percent).  Even though overall employment de-
clined in this industry between 1989 and 1995,
nonproduction workers increased numerically as
well as in share, partially offsetting the overall
decline in the number of production workers.2

According to one BLS study, a large part of
the modification of the content of jobs can be at-
tributed to technological change. “Although job
titles frequently remain the same while innova-
tion is taking place, over time, employers have
less demand for manual dexterity, physical
strength for materials handling, and for traditional
craftsmanship.  In the printing industry, for ex-
ample, electronic composition methods have re-
placed long-standing craft skills, and employment
of compositors and typesetters has declined
sharply.”3

Globalization of production.  Shifts in the in-
dustrial composition and organization of produc-
tion constantly cause changes in the skill mix of
the U.S. labor force. During the first half of this
century, many manufacturing industries shifted
away from small artisan shops toward the use of
assembly-line techniques.  These technological
changes may have contributed to general declines
in wage rate differentials between skilled and
unskilled U.S. workers over the period 1930-50.4

More recently, U.S. multinational corporations
have relocated a significant portion of their low-
skilled production sites to foreign countries where
wage rates for unskilled workers are even lower.
Moving more jobs abroad decreases the demand
for low-skilled labor within the United States,

while increasing the demand for higher-skilled
workers who coordinate or oversee foreign pro-
duction.5

Export-oriented manufacturing plants account
for a significant portion of the increasing earn-
ings differential between more and less skilled
workers in manufacturing.6  Technological im-
provements in computer efficiency and telecom-
munications have clearly lowered the costs to U.S.
multinational corporations of production abroad,
as well as the costs to foreign multinationals of
production within the United States.7  Indeed, a
number of studies have found that rising capital
per worker and information technology in par-
ticular leads to an upgrading of the workforce to-
ward better educated workers and white collar
jobs.8  Thus, technological change and foreign
outsourcing may well be the complementary, not
conflicting, forces behind increases in skill dif-
ferentials within the United States.9

Education. The population of the United States
is large and diverse.  We are a Nation of immi-
grants for whom education has served both as a
means of social integration and as a source of lit-
eracy and numerical skills.11  Education is widely
viewed as an investment that will provide pro-
spective workers with the skills required to ob-
tain good jobs and to earn high wages.  The aver-
age schooling levels of men and women in the
workforce have been approximately equal, in-
creasing steadily, since the 1930s.12  But children
enter U.S. educational systems from a variety of
backgrounds, and the income and schooling lev-
els of their parents are known to have an impor-
tant influence on their school performance.13

Therefore, it is perhaps not surprising that, com-
pared to other large industrialized countries, the
U.S. workforce includes a larger percentage of
adults with relatively low verbal and quantitative
skills, as well as a larger percentage of adults with
relatively high skills.14

Training.  While schooling itself is an important
source of skills, workers devote considerable time
to training as well.  Roughly 70 percent of estab-
lishments report that they provide formal train-
ing on the job, and roughly 95 percent of large
establishments provide some worker training.
Except for the construction industry, there appears
to be little difference in training rates by indus-
try.15  Among young new hires, nearly a third of
time at work is spent in formal and informal on-
the-job training.16  There is some evidence that
union members are more likely to receive com-
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pany training, as well as training from business
institutes and school sources, than comparable
non-union workers.  Therefore, declines in union
membership rates may reduce the likelihood that
blue-collar workers will receive structured train-
ing on the job.17

Work experience.  The accumulation of rel-
evant work experience is a prerequisite for
most higher-skilled jobs. The amount of work
experience needed before an employee is fully
competent or reaches journeyman status dif-
fers by occupation, establishment, and indus-
try.  Given the investment made in acquiring
skills through work experience, it is not sur-
prising that during periods of economic down-
turns, employers will lay off less senior work-
ers first.  Thus, skills and employment stabil-
ity both increase with tenure.18

Sex.  During the past 50 years, many women
have entered the labor market.  As their num-
bers have increased, women are taking less time
off for child rearing activities.  This stronger at-
tachment to the labor force provides women with
greater incentives to specialize in job-related
fields while in school, and increases the likeli-
hood that they will receive the on-the-job train-
ing required for advancement to higher-level
jobs.

Age.  The current labor force is dominated by a
large cohort of well-trained middle age workers.
These highly educated baby-boomers have
achieved senior positions at work, and may be
diminishing the employment prospects of
younger, less-skilled workers.  As a result, some
younger workers may well have fewer opportuni-
ties for growth and training.19  However, the ag-
ing of the U.S. population, in combination with
increasing female labor force participation rates,
is expected to generate significant employment
growth in occupations devoted to elder care ser-
vices in the near future.

Immigration. Estimates suggest that an influx
of unskilled immigrants may explain between
one-half and one-fourth of the increase in the
earnings differential between workers with a high
school degree and workers with less schooling
over the period 1980-95. 20 An increased inflow
of low-skilled immigrants to the United States
may decrease both the probability of employ-
ment and the wage rate received by low-skilled
residents, with whom they compete.21

Broad Measures of Change in
Education and Work Experience

Concurrent with widespread changes in the dis-
tribution of jobs and the complexity of work, over
the last 30 years the workforce has evolved in its
composition and its preparation for the changing
job market.  Among the most dramatic changes,
the labor force participation of women has risen
sharply from 41.6 percent in 1968 to 59.8 per-
cent in 1998, and the share of all jobs held by
women increased from 37.1 percent to 46.4 per-
cent of the labor force.22  The many children born
between 1946 and 1962, sometimes known as the
baby boom generation, grew up, entered the
workforce, and now have accumulated a signifi-
cant amount of work experience.  Overlaying these
changes has been a steady increase in educational
attainment as the next generation is more edu-
cated than the one before.

Changes in the demographic characteristics
of the population, as well as the other long-run
changes in the economic environment described
in the previous section, mean that the skills of an
average worker in 1968 are very different from
those of an average worker in 1998.  The distri-
bution of workers’ skills changes slowly.  At each
point in time, there is a variety of skills among
workers in different occupations, and within dif-
ferent levels of each occupation.  Acquisition of
these skills depends on each person’s abilities and
opportunities.  Persons with relatively more abil-
ity acquire skills more quickly and efficiently than
persons with less ability.  Persons with relatively
more resources are more able to invest the time
and money required to achieve a given set of skills.

There are a variety of metrics for measuring
worker skills, but few that are available for all
workers and that provide a consistent picture over
time.  But if skills are learned over time, through
instruction and practice, then years of school com-
pleted and years of accumulated actual work ex-
perience are one obvious set of indexes of work-
ers’ skills.

Hours-weighted averages of years of school
completed by men and women have increased,
and converged, during the post-World War II pe-
riod.  As shown in text table 1, the average edu-
cational attainment of men and women has risen
from about 10 years in 1948 to more than 13 years
today.  The declining share of hours worked by
those without a high school diploma is clear.  In
1948, men without a diploma accounted for more
than 60 percent of all hours worked by men em-
ployed in the private sector, and women without
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a diploma accounted for almost 50 percent of all
of the hours worked by women.  By 1997, male
workers without a high school diploma supplied
slightly more than 10 percent and comparable
women supplied slightly less than 10 percent of
private sector hours.  Conversely, men with at least
a college degree comprised about 7 percent of the
hours of men in 1948, but more than 25 percent
of employed hours in 1997.  The corresponding
figures for women are approximately 4 percent
in 1948 and about 24 percent in 1997.23

Wage premiums associated with seniority and
total accumulated work experience may reflect
increased productivity due to on-the-job training,
increases in efficiency that come with experience
at performing work tasks, and improved knowl-
edge of the organizational or institutional struc-
tures at a workplace. Employer-provided train-
ing has been shown to provide high returns.24

Even if a job provides little formal training, many
jobs provide opportunities for informal training
or learning by doing.  Informal training can take
many forms, including coaching by a supervisor,
demonstrations of how to perform a task by a sales
representative, asking a co-worker how to per-
form a task, or by simple repetition.

The 1995 BLS Survey of Employer Provided
Training (SEPT95) is particularly valuable be-
cause it surveyed both employers and their em-
ployees.25   Employer records are an excellent
source of formal training data, but employees are
likely to be a better source for the large amount of
informal training that they receive.  Not surpris-
ingly, more than 90 percent of establishments with
at least 50 employees provide formal training and

nearly 70 percent of employees receive some for-
mal training.  Informal training is nearly univer-
sal (95 percent).

During the 6-month survey period, employ-
ees trained for about 44 hours, with more than 70
percent of that time spent in informal training.
The time spent in training represents a consider-
able investment.  Establishments paid an average
of $647 in wages while workers were in training.
This is more than four times the direct cost per
employee of $139 for tuition, instructors, and
payments to outside trainers.

Who receives training varies considerably.
The youngest employees (24 years or younger)
and the oldest employees (55 years or older) are
less likely to receive any formal training, and those
receiving formal training spend much less time
in it.  Employees 25-54 years old also receive more
hours of informal training, although the distribu-
tion of informal training is less skewed.  Women
are more likely than men to receive formal train-
ing, but men receive most of the informal train-
ing.  Finally, the likelihood of receiving formal
training increases with educational attainment.

It was widely thought that newly hired work-
ers received the most training because this maxi-
mized the time employers had to recoup their in-
vestment.26  However, the SEPT95 found the re-
verse.  Employees with at least 10 years’ tenure
received twice as many hours of formal training
as an employee with less than 2 years with the
firm.  Recently hired workers tended to be trained
informally as they spent more than twice as much
time in informal training as employees with at
least 10 years’ tenure.

Text table 1.  Percent distribution of hours worked by educational attainment, men and women,
1948-97

....................................................      0-8 9-11   12   13-15 16

1948 ............................................ 38.4 21.9  25.2     7.3  4.3       2.9      9.7
1958 ............................................ 31.0 21.0  27.9     9.4  6.2       4.5     10.4
1968 ............................................ 18.7 18.9  36.4    12.6  8.1       5.3     11.4
1978 ............................................   9.6 13.4  39.0    18.5 11.4       8.2     12.5
1988 ............................................   5.7 10.1  38.6    19.7 15.1     10.8     13.1
1997 ............................................   4.4   7.8  34.8    26.0 18.2       8.9     13.3

1948 ............................................ 30.3 19.5  39.0     7.1  2.7       1.4     10.1
1958 ............................................ 23.5 20.6  41.6     9.0  3.5       1.7     10.6
1968 ............................................ 14.5 18.5  50.4    11.8  3.4       1.3     11.2
1978 ............................................   6.7 13.2  50.5    18.6  7.7       3.4     12.2
1988 ............................................   3.4   8.9  45.7    22.8 13.3       5.9     12.9
1997 ............................................   2.6   6.3  35.8    31.5 17.6       6.2     13.4

Years of schooling completed
17 or
more

Mean
years

Year

Men

Women
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Although the SEPT95 provides a glimpse into
the importance and the distribution of training, it
can not indicate if employers are increasing the
amount of training of their workers over time.
Instead, economists have approximated the
amount of training by the amount of time a worker
has been employed.  Because data on total accu-
mulated work experience have not been available,
many labor economists use potential experience,
or years since leaving school, as a broad index of
skills acquired at work.

Data on actual work experience are preferable
to data on potential work experience for this pur-
pose, because the labor force participation of
women is often intermittent.  Large sets of confi-
dential administrative record data on employment,
from the Social Security Administration, occa-
sionally have been matched to microdata from the
Current Population Survey (CPS) to construct data
sets that could be used for analytical purposes.27

The BLS Office of Productivity and Technology
maintains estimates of actual accumulated work
experience based on these matched records.  Text
table 2 provides estimates showing that the aver-
age number of years worked declined for both men
and women in the 1970s, but rose in the 1980s
and 1990s.

The patterns of work experience shown in
text table 2 are easily understood.  Because most
men and many women have strong attachments
to the workforce, the level of work experience
depends primarily on the age distribution of the
workforce.  The age distribution of the workforce
is now dominated by large cohorts of persons
born between 1946 and 1962, who began to en-
ter the workforce in the mid-1960s.  During the
1970s, as their numbers grew, the average level
of work experience declined.  By 1980, most of
the baby boom generation had completed its
entrance into the workforce, and the leading edge
of this cohort was approaching middle age.  Dur-
ing the 1980s and 1990s, the baby boomers went
from being a large group of inexperienced work-

ers to becoming a middle-aged and experienced
group, and average work experience levels rose
rapidly.

Average levels of education and work experi-
ence, weighted by hours of employment, both
show that skill levels rose after 1980.  But it is
difficult to gauge how much impact these changes
had on the economy.  Therefore, as part of its pro-
ductivity measurement program, BLS has used
data on the education and experience composi-
tion of hours of employment to construct a broad
measure of changes in the skill composition of
the workforce.

As noted above, an hour of work provides a
different contribution to output over time as the
workforce becomes more or less skilled.  BLS
constructs an overall index of labor services that
reflects both changes in the number of hours
worked and in the average skill level of an hour
of work, where skills are measured by education
and work experience for men and women.  In
addition, a second BLS index, the labor compo-
sition index, removes the effect of changes in
the number of hours worked and focuses exclu-
sively on changes in the average skill level of
the workforce.  The labor composition index gen-
erally rises if there is a shift toward more edu-
cated or more experienced workers, or if the wage
rates commanded by high-skilled workers in-
crease.

BLS compiles data on roughly 1,000 groups
of workers, cross-classified by their educational
attainment, work experience, and sex, to create
a single index that captures changes in the skill-
composition of the U.S. workforce.  (See box,
p. 44.)

The index of labor services grew about 1.9
percent per year since 1968.  This growth reflects
the more rapid growth of hours employed among
highly-educated workers and, especially since
about 1980, an increasing share of total hours
worked by middle-aged workers who are in their
peak earnings years.  Of this increase, labor qual-
ity contributed about 0.4 percent per year, whereas
the annual average contribution of hours was 1.5
percent.  Therefore, increases in skills accounted
for roughly 19 percent of the growth in labor ser-
vices.

The contribution of labor composition to out-
put growth is the product of the growth rate of
labor composition and labor’s share of total pro-
duction costs.  Labor’s share averaged 69 percent
over this period.  Labor quality, or increases in
the average skill level of the workforce, therefore,
added about 0.2 percent per year to output growth
over the period 1968-97.

Text table 2.  Mean years of work experience in
private business by sex, 1968-97

Year Men Women

1968 ..................................... 19.4    13.0
1970 ..................................... 19.3    13.0
1975 ..................................... 18.3    12.0
1980 ..................................... 17.5    11.6
1985 ..................................... 17.4    11.7
1990 ..................................... 17.8    12.1
1995 ..................................... 18.6    12.4
1996 ..................................... 18.7    12.5
1997 ..................................... 18.8    12.5
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For each category of worker, growth in hours at work is weighted by that category’s share of
the total wage bill.  This weighted average is an index of labor services.  An index of total
hours, in contrast, implicitly weights the growth rate of hours of each group of workers by its
share of total hours, regardless of differences in wage rates paid for different kinds of work.
The labor services index differs from an index of total hours because the labor services index
places more weight on the hours growth rates of high-skilled, high-wage workers and less
weight on the growth rate of hours of low-skilled, low-wage workers.

Changes in the labor composition index are calculated as the difference between this
weighted average of hours growth rates, on the one hand, and the unweighted growth rate for
the hours of all workers in the private sector, on the other.28  Conceptually, a 1-percent increase
in the labor composition index has the same effect on output growth as a 1-percent increase in
hours worked.  That is, the rate of growth of total labor services can be viewed as the sum of the
rates of growth of labor quantity (total hours) and labor quality (labor composition effect).

Before turning to the estimate of skill change, it is useful to examine the assumptions that
the measures rest upon.  Besides those assumptions needed for model production, asumptions
of competitive capital and labor markets are fundamental to the labor composition measures.29

These assumptions permit hourly earnings to be used to measure each type of worker’s contri-
bution to output and, therefore, as a measure of skill.

Of course, the wages of some workers may not be strictly the result of competitive labor
markets.  Occupational and industrial wage differentials are persistent over time, even after
controlling for differences in education and work experience.30  A number of explanations for
these differences have been suggested; some are consistent with competitive markets while
others are not.31  One of the assumptions that is consistent with the approach discussed here is
that industry-specific wage differentials reflect differences in the training requirements by
industry for workers whose education and work histories are otherwise comparable.  Employ-
ers who have invested significant amounts of time and money to train their employees in
industry-specific skills will pay enough of a premium to retain them.32

Similarly, unionized workers earn more, on average, than nonunionized workers.  None-
theless, competitive firms will attempt to equate the prevailing wage, however it is determined,
to the value of the worker’s marginal product by adjusting the level of employment or by
screening workers to hire only the most skilled.  For example, Allen33 finds that the occupa-
tional mix of unionized workers implies that they are more skilled than nonunionized workers
in the construction industry and, thus, at least a portion of the union wage differential is offset
by higher marginal products of unionized workers.  So, while earnings may not equal the value
of marginal products for all workers in all periods, it is assumed that any deviations from the
competitive market are temporary and rapidly eroded so that hourly wages approximate mar-
ginal products.

Skill Composition of the U.S. Workforce

Text table 3 shows that the labor composition
index advanced quite slowly until about 1979 and
increases in skills accounted for little of produc-
tivity growth.  Since then, the baby boom cohort
entered their prime earnings years and labor com-
position growth has advanced much more rap-
idly.  Skills have become a more important source
of productivity growth since 1979.  Labor com-
position effects now account for more than a quar-
ter of all growth in labor productivity.

As noted at the beginning of this section, the
baby boom generation made its entrance into the
workforce in the 1970s, and this large cohort of
inexperienced workers largely offset increases in

average schooling levels.  After 1979, the baby
boom generation gained sufficient experience so
that increases in educational attainment and ex-
perience both contributed to faster labor compo-
sition growth. By 1990, the baby boom
generaeration joined the ranks of prime age
workers, and even the slower growth in average
schooling levels was not sufficient to prevent an
acceleration in the average skill level.

Today, the baby boom generation has largely
entered middle age, the prime earnings period of a
worker’s career.  Members of this cohort are not
expected to make substantial new investments in
education and training, since the expected benefits
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of these investments would only accrue for a rela-
tively short time until retirement.  These work-
ers will gain additional work experience as they
grow older, but their earnings will not increase
as rapidly as they have during the earlier stages
of their careers, when they received more inten-
sive training.

It is also noteworthy that currently middle-
aged workers have produced a relatively large
cohort of children, known as the “baby boom
echo”.  Members of this younger large cohort are
now approaching working age, and early signs of
their entrance into the workforce are beginning
to appear in the labor force data.   This new, large
cohort of inexperienced workers will increase the
share of the labor force with relatively low earn-
ings.  The effect of this shift will be to slow labor
composition growth as a larger fraction of the
workforce once again becomes younger and less
experienced.

Skill Change and Shifts in
Industries and Occupations

The United States is enjoying the longest eco-
nomic expansion since World War II.  However,
growth has been uneven.  Employment in some
industries and occupations has risen rapidly while
in others it has declined.  As seen in the previous
section, there is evidence that labor force skills
are increasing.  By examining employment pat-
terns by industry and occupation, we can gain a
clearer understanding of the forces driving skill
change in the U.S. workforce.

There is evidence of skill upgrading over the
last three decades.34  However, skill upgrading is
not uniform across all industries, nor is it uni-
form for all occupational groups.  Changes in the
industrial composition of employment and in the
occupational composition of employment within
industries can change average skill levels in the
overall economy, as can changes over time in the
average skill level of given occupations.

This section reviews findings on the pattern
of skill change from 1989 through 1997, based
on data from the BLS Occupational Employment
Statistics (OES) survey.  Data on occupational
employment and wages by industry from the OES
were used to measure changes in average skill lev-
els in the United States resulting from shifts in
both the structure of occupational employment
within industries, and from shifts in the indus-
trial structure of employment.35  (See box for a
description of skill measure.)

Sources of skill change
Skill change occurs through three paths.  First,
industries vary in their relative need for skilled
workers.  Changes in employment across indus-
tries can lead to increased employment of skilled
workers if expanding industries require workers
of greater skill than declining industries, even if
the occupational structure of each industry re-
mains constant.  Next, changes in production
methods within an industry can substantially al-
ter the nature of work.  The shift between pro-
duction and nonproduction workers, noted ear-
lier, is one example.  Third, some changes are
subtle, leading to changes in the mix of narrowly
defined occupations, while leaving the mix of
broad occupations unchanged.  For example, the
computer revolution has transformed secretaries
into administrative assistants who now perform
word processing instead of typing.

The measure of skill change was produced for
the economy as a whole, the goods-producing
sector, the service-producing sector, and for six
Standard Industrial Classification (SIC) indus-
try divisions (not including agriculture, forestry,
and fishing).  Text table 4 shows this overall mea-
sure of skill change, as well as the decomposition
of this measure into skill change resulting from
shifts in the industrial composition of each sec-
tor,  and skill change within detailed industries.
The difference between the overall skill change

Text table 3.  Labor composition and its contribution to labor productivity in private business,
1968-97

1968-73 .......................................................................... 0.09 0.05 2.66
1973-79 .......................................................................... .04  .03 1.27
1979-90 .......................................................................... .49  .34 1.22
1990-97 .......................................................................... .60  .41 1.30

Average annual growth rates

Contribution of
increased skill

to labor
productivity

Labor
composition

effect

 Labor
productivity

Period
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index (column 1) and the index that measures
shifts in the industrial composition of employ-
ment  (column 2) is the effect of occupational
shifts within detailed industries (column 3). The
measure of skill change within detailed industries
(column 3) uses the same concept of skill, but it
represents an average of the measures produced
for each 4-digit SIC industry, the most detailed
industrial category available.

Overall skill change
Average skill levels in the economy as a whole
increased about 1.1 percent over the 1989-97
period.  Skill levels rose by 0.2 percent in the
goods-producing sector, and by 1.4 percent in

the service-producing sector.  Across the broad
occupational spectrum, there was a shift away
from less-skilled workers and toward more
highly-skilled workers.  This shift was due
primarily to industries within the service-pro-
ducing sector.

For the period from 1989 to 1997, the over-
all index shows that employment shifts led to an
increase in average skill levels of about 2 per-
cent in service industries, 3 percent in finance,
insurance, and real estate, and 0.4 percent in
manufacturing.  Average skill levels fell in all
other industries, most notably the trade sector,
which had an overall skill change measure of -
2.0 percent.

OES Measure of Skill Change from 1989 to 1997

The OES skill change index measures changes in the relative demands for occupations of
differing skill levels in detailed industries over time.  Shifts in the relative demand for an
occupation are measured by the change in the portion of the wage bill that firms allocate to that
occupation.  The change in the portion of the wage bill is used rather than the change in the
portion of employment as a means of gauging the true resource expenditure involved.  For
example, when a firm demands one additional manager, the commitment of resources is greater
than the case of demanding one additional janitor, even though the employment change is the
same.
     This measure of skill change resulting from shifts in the occupational structure is produced
for the goods- and service-producing sectors and for each industry within those sectors.  The
measure is then disaggregated into skill change resulting from occupational shifts within de-
tailed industries of the sector and skill change resulting from shifts in the industrial structure of
employment within the sector.  The skill measure developed by OES takes advantage of data at
the 4-digit SIC level, the most detailed industry level available.  Data at this level of industry
detail provide a clear distinction between skill change resulting from shifts in occupational
employment within industries versus that due to shift in industrial composition.

Changes in an occupation’s share of the wage bill are calculated as follows:  The wage bill
for each industry is first calculated by multiplying the total industry employment of each occu-
pation by its wage rate, and summing across all occupations in the industry.  Each occupation’s
portion of the wage bill is then calculated by multiplying the employment for each occupation
by its wage rate, and dividing by the total industry wage bill.36

Changes in each occupation’s share of the wage bill are then weighted by a measure of the
skill level of the occupation—the occupation’s relative wage, expressed as a percentage devia-
tion from the industry average wage.  Relative wages are used as a measure of relative skill
assuming that wages, on average, reflect the value of a worker’s production.  Workers who earn
more are assumed to have higher underlying skills.  Summing these weighted changes pro-
duces a positive or negative value that serves as a measure of relative skill upgrading or down-
grading, respectively.  This index is comparable across industries; if the skill index increases 5
percent in industry A and 10 percent in industry B, then industry B exhibits twice the rate of
occupational upgrading as does industry A.

This skill change index measures the percentage change in the average wage of the industry
that is implied by the pattern of shifts in the relative demands for occupations of differing skill
levels (i.e., wage rates).  It is an index of the degree to which inter-occupational shifts in
relative demand within the industry are biased toward or away from relatively skilled work-
ers.37
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Skill change resulting from shifts in
industrial composition
A shift in industrial composition increases the
measure of skill change if employment shifts to-
ward high wage industries.  Conversely, indus-
trial shifts will reduce skill change if employ-
ment shifts toward lower paid industries.  Col-
umn 2 of text table 4 shows the portion of skill
change that is due to shifts in industrial compo-
sition.

Skill levels rose slightly in the economy as a
whole (0.1 percent) due to shifts in industrial
composition toward higher-wage industries.
This effect was greater in the service-producing
sector (0.2 percent), driven by finance, insur-
ance, and real estate, which experienced strong
shifts toward higher wage industries.  Wage-
weighted employment shifts between detailed
industries contributed negatively to skill change
for mining and construction, services, transpor-
tation, and trade, while having a neutral effect
on skills in the remaining industries.

The positive effect on skill change within the
financial services sector is largely the result of
large shifts toward securities and commodities
brokers and other credit institutions that have
gained in importance as a result of the stock mar-
ket boom of the last half decade.  Depository in-
stitutions lost over 8 percent of total sector em-
ployment over this period.

Skill change arising from occupational
shifts within detailed industries
This section discusses changes in skill levels aris-
ing from occupational shifts within industries.
Shifts in the occupational structure within detailed
industries increase average skill levels in the sec-
tor if, on average, there is occupational upgrad-
ing, or a shift toward relatively highly paid occu-
pations within the detailed industries.  Column 3
of text table 4 shows this average measure of skill
change for the detailed industries within each sec-
tor—total within industry skill change.  Skill lev-
els increased in the economy as a whole as a re-
sult of shifts in occupational employment within
industries over the 1989-97 period, led by ser-
vices sector industries with an average rate of
occupational upgrading of 2.8 percent.  Industries
in the mining and construction sector, and in trade,
had average declines in skill levels as a result of
shifts in occupational employment.

Changes in skill levels arising from occupa-
tional shifts within detailed industries can be fur-
ther differentiated into employment shifts among
broad occupational groups (such as between pro-
fessional and clerical, shown in column 4) and
shifts within broad occupational groups (such as
between secretaries and data processors, shown
in column 5).38  The “among” effect reflects gross
changes in the occupational structure.  The
“within” effect reflects more subtle alterations to

Text table 4. Skill change by sector and industry, 1989-97

All Industries ................................................ 1.1   0.1    1.0      0.4   0.6

Goods-producing sector: .......................... .2 (1)      .2         - .2 .4
   Mining and Construction ........................  - 0.8   - .3      - 0.5       - .8   .3
   Manufacturing ........................................ .4 (

1
)        .4        .1 .3

Service-producing sector: .........................  1.4  .2        1.2        .6      .6
   Finance, insurance, and real estate ....... 3.0 1.3 1.7 1.4 .3
   Services .................................................  2.1 - .7      2.8      1.5 1.3
   Transportation, communications,
     public utilities .......................................  - .6    - 1.1        .5    .9 - .4
   Trade ..................................................... - 2.0 -  .3    - 1.7    - 1.7 (

1
)

1 Indicates value is less than 0.05 percent and greater than -0.05 percent.

Skill changes due to shifts—

Industry Overall
Skill

change

Within detailed industries

Across
industries

Total
within

industry
skill

change

Decomposition of
within industry skill

change:

Among
broad

occupa-
tional

groups

Within
broad

occupa-
tional

groups
(1) (2) (3) (4) (5)
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the occupational mix within industries.
This decomposition shows that employment

shifts among broad occupational groups worked
to increase average skill levels in all industries
with the exception of trade and mining and con-
struction.  Table 2-1 (at end of chapter) shows
that the pattern of employment shifts most respon-
sible for the increase in skills within service sec-
tor industries are shifts toward professional work-
ers, who earn relatively high wages, and away
from clerical workers, who earn relatively low
wages.  Although the goods-producing sector
mirrors this shift away from clerical workers, there
was no shift toward professional workers in that
sector.

Skill change within broad occupational groups.
Column 5 of text table 4 shows the average
amount of skill change within detailed industries
that is the result of occupational shifts within
broad occupational groups.  This measure indi-
cates occupational upgrading or downgrading, or
the degree to which shifts in occupational em-
ployment within broad occupational groups are
biased toward or away from relatively high- or
low-wage workers, respectively.  All industry
groups experienced occupational upgrading
within occupational groups, with the exception
of transportation and trade.  Closer examination
of this effect, however, reveals that skill levels
did not increase for every occupational group.
Text table 5 shows the average measure of skill
change for occupational groups within industries
in the goods-producing and service-producing
sectors.  (For more details, see table 2-2.)

Text table 5 shows that the economy as a whole
and both the goods-producing and service-pro-
ducing sectors experienced occupational upgrad-
ing in the clerical and production I groups, along
with occupational downgrading in the service
group.  Skill changes for other broad occupational
groups were mixed.

Table 2-3 shows the average pattern of rela-
tive demand shifts among detailed occupations
within the clerical, production I, and service oc-
cupation groups.  Occupational upgrading among
clerks within detailed industries is the result of a
shift toward clerical supervisors, who earn rela-
tively high wages, and a shift away from secre-
taries and data processors, who earn relatively low
wages.  Occupational upgrading among produc-
tion I occupations is due to a shift toward first
line supervisors and away from inspectors and
precision production occupations.  Occupational
downgrading among service occupations is pri-
marily due to shifts away from service worker
supervisors and protective service workers, and
toward workers in personal and health services
occupations.

Summary
Shifts in employment patterns indicate occupa-
tional upgrading over the 1989-97 period.  Aver-
age skill levels increased for the economy as a
whole, driven primarily by increases in average
skill levels in both the services and finance, in-
surance, and real estate industries.  Skill levels
increased slightly in manufacturing industries and
fell in mining and construction, transportation,
and trade.  By decomposing these figures into skill

Text table 5.  Index of skill change for broad occupational groups, 1989-97

  All occupational groups ...............................................  1.0 .2   1.2
Managerial ................................................................ - .4   .4 - .7
Professional ..............................................................  .7 - .1 1.0
Clerical .....................................................................   .3   .6   .2
Sales ........................................................................   .8 - 1.0   1.4
Service ..................................................................... - .8 - 2.1 - .3
Production I ..............................................................   .6   .8   .5
Production II .............................................................. (4) (1) (4)

1 Indicates value is less than 0.05 percent and greater than -0.05 percent.
2 Includes production supervisors; inspectors; mechanics, installers, and repairers; construction trades

and extractive occupations; and precision production occupations.
3 Includes machine setters, set-up operators, operators, and tenders; hand working production

occupations; plant and system occupations; transportation and material moving machine and vehicle
operators; and helpers, laborers, and material movers, hand.

4 Data do not meet publication standards.

  Skill index

All industries
Goods-

producing
sector

Service-
producing

sector

 Occupational groups

2

3
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change resulting from shifts in industrial employ-
ment and shifts in occupational employment, it
is apparent that occupational upgrading within
detailed industries was the primary source of skill
change.

Analysis of Trends in the Education
and Training Requirements of

Occupations

An analysis of trends in the educational require-
ments of occupations between 1986 and 1996
suggests that technological and other demands of
the economy placed a premium on occupations
requiring higher levels of education and training.
Industry-occupation matrices developed by the
BLS Office of Employment Projections (OEP),39

show occupational staffing patterns over time.
The matrices are developed from data on occupa-
tional employment by industry collected through
the OES survey.40

Shifts in industry and occupational em-
ployment were analyzed in the context of the
classification system developed by OEP that
places occupations into 1 of 11 different cat-
egories based on the education, training, or ex-
perience that usually is required.41  The 11
categories are distributed to three summary
groups (See box).

Overall changes in occupational skill
across industry sectors
Total employment in the United States in-
creased 21.1 million over the 1986-96 period,
from 111.4 million to 132.4 million. (See text
table 6.)  Occupations at all education and
training levels, except the doctoral degree,
experienced increases, with the largest numeri-
cal growth (41 percent) in short-term on-the-
job training.  Employment in occupations usu-
ally requiring at least a bachelor’s degree grew
by 29 percent over the 1986-96 period, con-
siderably faster than the 19-percent growth for
all occupations.  Occupations generally requir-
ing postsecondary education or training below
the bachelor’s degree and those that require
on-the-job training or experience had slower
than average employment growth, 14 percent
and 17 percent, respectively.

Chart 2-1 shows the 1986-96 employment
changes by broad education and training cat-
egory and earnings level.  Each of the three bars
shows the distribution of the increase in employ-
ment by earnings above or below the average.
For occupations requiring a bachelor’s degree
and above, 97 percent of the increase was in
occupations with above average earnings.  In
contrast, the percent with above average earn-
ings was lower in occupations requiring
postsecondary education and training (below the

Text table 6.  Highlights of occupational employment changes by broad education and training
categories, 1986-96

Total, all occupations ..................................................... 19 21,068,780 100.0

    Bachelor’s and above ................................................ 29
       First professional degree ........................................ 16 201,277    1.0
       Doctoral degree ...................................................... -2 -3,620 (1)
       Master’s degree ...................................................... 44 518,917    2.5
       Work experience, plus a  bachelor’s
         or higher degree ................................................... 32 2,313,970  11.0
       Bachelor’s degree .................................................. 29 3,623,663  17.2

    Postsecondary education and training below
      the bachelor’s degree .............................................. 14
       Associate degree .................................................... 37 1,130,078    5.4
       Postsecondary vocational training .......................... 5 413,063    2.0

    On-the-job training or experience .............................. 17
       Work experience in a related occupation ................ 19 1,202,526    5.7
       Long-term OJT ....................................................... 11 1,199,188    5.7
       Moderate-term OJT ................................................ 11 1,888,523    9.0
       Short-term OJT ....................................................... 20 8,581,195  40.7

1 Slight decline.

Growth rate
1986–96

(in percent)

Percent of
overall job

growth
Education and training category

Numerical
growth

1986–96
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Bachelor’s degree and above

First professional degree.  Occupations that require a professional degree.  Completion of
the academic program usually requires at least 6 years of full-time equivalent academic study,
including college study prior to entering the professional degree program.

Doctoral degree.  Occupations that generally require a Ph.D. or other doctoral degree.
Completion of the degree program usually requires at least 3 years of full-time equivalent
academic work beyond the bachelor’s degree.

Master’s degree.  Occupations that generally requires a master’s degree.  Completion of the
degree program usually requires 1 or 2 years of full-time equivalent study beyond the bachelor’s
degree.

Work experience, plus a bachelor’s or higher degree.  Occupations that generally require
work experience in an occupation requiring a bachelor’s or higher degree.  Most occupations
in this category are managerial occupations that require experience in a related non-manage-
rial position.

Bachelor’s degree.  Occupations that generally require a bachelor’s degree.  Completion of
the degree program generally requires at least 4 years but not more than 5 years of full-time
equivalent academic work.

Post secondary education or training below the bachelor’s degree

Associate degree.  Occupations that generally require an associate’s  degree.  Completion of
the degree program generally requires at least 2 years of full-time equivalent academic work.

Post-secondary vocational training.  Occupations that generally require completion of vo-
cational school training.  Some programs last only a few weeks while others may last more
than a year.  In some occupations, a license is needed that requires passing an examination
after completion of the training.

On-the-job training or experience

Work experience in a related occupation.  Occupations that generally require skills ob-
tained through work experience in a related occupation.  Some occupations requiring work
experience are supervisory or managerial occupations.

Long-term on-the-job training.  Occupations that generally require more than 12 months of
on-the-job training or combined work experience and formal classroom instruction for work-
ers to develop the skills needed for average job performance.  This category includes formal
and informal apprenticeships that may last up to 4 years and short-term intensive employer-
sponsored training that workers must successfully complete.  Individuals undergoing training
are generally considered to be employed in the occupation.  This category includes occupa-
tions in which workers may gain experience in non-work activities, such as professional ath-
letes who gain experience through participation in athletic programs in academic institutions.

Moderate-term on-the-job training.  Occupations in which workers can develop the skills
needed for average job performance after 1 to 12 months of combined on-the-job experience
and informal training.

Short-term on-the-job training.  Occupations in which workers generally can develop the
skills needed for average job performance after a short demonstration or up to one month of
on-the-job experience and instruction.

Occupational Education and Training Categories
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bachelor’s) and on-the-job training or experience
(77 percent and 31 percent, respectively).

Shifts in the distribution of industry employ-
ment are important determinants of shifts in the
distribution of occupational skill requirements.
The most rapid growth of employment over the
1986-96 period was in the services sector (40
percent).  This resulted in faster than average
employment growth within services in all occu-
pations in each of the three summary groups of
occupations.  This reflects the dynamic that when
firms grow rapidly enough, the demand for
lower-skilled labor can rise, even though some
of their traditional duties are being done more
efficiently by more highly trained workers or
through technological innovation.  However, the
top group (bachelor’s and above) increased its
share of sector employment at the expense of the
other two groups.

In manufacturing, employment declined
slightly over the period.42  Because overall manu-
facturing employment fell, only those occupations
in the highest education and training category had
higher employment in 1996 than they did 10 years
earlier.  Occupations requiring at least a bachelor’s
degree increased their share of manufacturing
employment as both groups of lower skilled oc-
cupations became relatively less important to
employers.

These data are indicative of increased rela-
tive employment of college educated workers.
However, this pattern may arise because em-
ployment growth in some education and train-
ing categories was driven by the rapid growth
of a single occupation or only a small number
of occupations.  For example, almost all of the
growth in occupations requiring an associate
degree resulted from growth in a single occu-

Chart  2-1. Change in occupational employment by earnings and training
category, 1986-96

NOTE: Complete categories are: Bachelor’s degree and above; Post secondary education and
training below the bachelor’s; and On-the job-training or experience.
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pation, registered nurses.  Similarly, the
growth of lawyers and physicians drove the
growth for occupations that usually require a
first professional degree.

Occupational shifts by educational
requirements
The following sections discuss employment
changes in specific education and training cat-
egories.  In addition to highlighting occupations
accounting for the largest share of employment
growth, text tables 7 through 9 show those indus-
tries contributing significantly to growth within
each education and training category.  Job growth
can also be stratified by earnings.  As part of the
analysis of the 1986-96 time series, median hourly

earnings of all wage and salary workers in 1996
by occupation, as measured by the Occupational
Employment Statistics (OES) survey, were used
to construct earnings quartiles.  The last column
of text tables 7-9 distributes occupations within
each education and training category by earnings
quartile.  Earnings in either of the bottom two
quartiles are below the average.

Bachelor’s degree and above. Lawyers and phy-
sicians accounted for more than 80 percent of job
growth among occupations requiring a first pro-
fessional degree, but neither of these occupations
grew as fast as the average for all occupations. A
single occupation—all other teachers and instruc-
tors, which includes lecturers, nursing instructors,

Text table 7.      Occupations accounting for the largest share of employment growth, bachelor’s
degree and above, 1986-96

First professional •Lawyers •Health services 6 Top quartile
degree •Physicians •Legal services

•Agricultural services
•Federal/State
•government

Doctoral degree •Biological scientists •Drug manufacturing 4 Top quartile
•Federal/State/
•local government

Master’s degree •Teachers and •Education 9 Top two quartiles
•instructors, all other •Amusement and
•Counselors •recreation
•Speech-language •Health services
•pathologists and •Government
•audiologists
•Physchologists

Work experience, plus •Managers and •Business services 11 All but 3
a bachelor’s or higher •administrators, all •Health services occupations in
degree •other •Local government top quartile (one

•Financial managers •Education wage not
•Marketing, •Real Estate available)
•advertistingand
•public relations
•managers
•Management analysts

Bachelor’s degree •Teachers, preschool •Education 56 •45 occupations
•through college, •Business services •in top quartile
•except special and •Health services •9 occupations
•adult education •State and local •in second
•Computer engineers, •government •highest quartile
•scientists, and •Residential care •2 occupations
•systems analysts •with below
•Management support •average
•workers and •earnings
•professional workers,
•all other

Education and training
category

Occupations
accounting for the

largest share of growth
(ranked by share)

Industries contributing
to growth in

category

Number of
occupations
in category

Earnings
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graduate assistants, sports instructors, and farm
and home management advisors—accounted for
65 percent of new jobs at the master’s degree level.
Teachers, preschool through college, accounted
for 886,000, or 24 percent, of the growth of the
group usually requiring a bachelor’s degree. How-
ever, employment of computer engineers, scien-
tists, and systems analysts; all other therapists;
physician assistants; and occupational therapists
each more than doubled over the period.  Nearly
all of the occupations requiring a bachelor’s de-
gree or above had median earnings in the top
quartile.

Postsecondary education and training below the
bachelor’s.  Rising demand for workers in health-
related occupations was the driving force behind
job growth for occupations included in this group.
About three-fourths of the growth in occupations
requiring an associate degree occurred in the
health services industry.  Registered nurses ac-
counted for one-half of all growth in this group.
All other health professionals and paraprofession-
als, radiologic technologists and technicians,
medical record technicians, dental hygenists and
respiratory therapists brought the health related
share of job growth in this category to about 95
percent.  More than one-half of the new jobs gen-
erated by the occupations in the postsecondary
vocational training category can be attributed to
four health-related occupations: Emergency medi-
cal technicians, licensed practical nurses, medi-
cal secretaries, and surgical technologists.  All but
eight of the occupations in this category had
higher than average earnings. (See text table 8.)

On-the-job training or experience.  A little more
than one-half of the growth in occupations com-
monly requiring applicants to have work expe-
rience in a related occupation, or long-term on-
the-job training, occurred in eating and drink-
ing places, education, State and local govern-
ment, and  business services like personnel sup-
ply services.  Nearly 60 percent of the growth in
occupations that usually require moderate-term
on-the-job training occurred in business and
health services, grocery stores, and construction.
Four occupations accounted for 92 percent of
job growth in the moderate on-the-job training
category—all other sales and related workers,
composed largely of sales workers in wholesale
trade and manufacturing; bookkeeping, account-
ing, and auditing clerks; medical assistants; and
human services workers.  In general, median
earnings of occupations requiring work experi-
ence in a related occupation or long-term on-
the-job training were higher than the average for
all occupations. (See text table 9.)  Just 3 of the
107 occupations requiring moderate-term on-
the-job training had median hourly earnings in
the highest quartile, although slightly more than
one-half of the occupations had above average
earnings.

The 20-percent growth in occupations that
generally require short-term on-the-job training
was concentrated in two industry sectors, whole-
sale and retail trade and services, accounting for
about 90 percent of the growth, or about 7.4 mil-
lion jobs.  Occupations that generated at least
100,000 jobs and grew at least twice as fast as the
overall average accounted for 49 percent of the

Text table 8.  Occupations accounting for largest share of employment growth,
postsecondary education and training below the bachelor’s degree, 1986-96

Associate degree •Registered nurses •Health services 12 11 occupations
•Health professionals •Drug stores and in the two
•and •proprietory stores highest quartiles
•paraprofessionals, •Business services
•all other 1 occupation

with below
average earnings

Postsecondary •Emergency medical •Business services 33 25 occupations
vocational training •technicians •Health services in top two

•Licensed practical •Education quartiles
•nurses •Religious
•Secretaries, except •organizations 8 occupations in
•legal and medical with below

average
earnings

Education and training
category

Occupations
accounting for the

largest share of growth
(ranked by share)

Industries contributing
to growth in
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Number of
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cagetory
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growth in occupations requiring short-term on-
the-job training.  These included cashiers, hand
packers and packagers, receptionists and infor-
mation clerks, home health aides, teacher aides
and educational assistants, adjustment clerks,
child care workers, counter and rental clerks, bill
and account collectors, personal and home care
aides, and amusement and recreation attendants.
This is the only education and training category
with most occupations having below average earn-
ings. Only one, industrial truck and tractor op-
erator, had earnings in the top quartile.

Quality of job growth
Another way to view changes in skills is to exam-
ine changes in the distribution of earnings, since
most economists associate high wages with a high
level of skills.  As part of the analysis of the 1986-
96 occupational employment time series, median
hourly earnings of all wage and salary workers in
1996 by occupation as measured by the Occupa-
tional Employment Statistics survey were used to
construct earnings quartiles.  Median hourly earn-
ings ranged from $60.01 to $5.01 for the 456
occupations included in the 1986-96 time se-

Text table 9.  Occupations accounting for largest share of employment growth, on-the-job training
or experience, 1986-86

Work experience in a •Service workers, all •Eating and drinking 30 22 have
a related occupation •other •places earnings in the

•Clerical supervisors •Education top two quartiles
•and managers •Business services
•Adult and vocational •State and local 8 have earnings
•education teachers •government below average
•Food and service •Health services
•and lodging
•managers

Long-term OJT •Maintenance •State and local 74 22 occupations
•repairers, general •government in top quartile
•utility •Eating and drinking
•Cooks, restaurant •places 30 in second
•Correction officers •Construction highest quartile
•Musicians •Business services (one wage not
•Telephone and cable •Religious available)
•TV line installers •organizations 21 occupations
•and repairers with below

average earnings

Moderate-term OJT •Sales and related •Business services 107 59 occupations
•workers, all other •Health services in top two

quartiles
•Bookkeeping, •Grocery stores
•accounting, and •Construction 48 occupations
•auditing clerks •Wholesale trade, with below
•Medical assistants •other average

earnings

Short-term OJT •Cashiers •Retail trade 114 1 occupation in
•General office clerks •Business services to quartile
•Janitors and •Health services
•cleaners, including •Educatiion 15 in second
•maids and house- •Trucking, quartile
•keeping cleaners •warehousing, and
•Truckdrivers, light •transportation 98 occupations
•and heavy with below
•Salespersons, retail average

earnings,
including 39 in
the bottom
quartile

Number of
occupations in

cagetory

Industries contributing
to growth in

category

Occupations
accounting for the

largest share of growth
(ranked by share)

Education and training
category Earnings
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ries.43  The range of earnings varied among the
quartiles and the top quartile had the widest
range. (See text table 10.)  Employment size sig-
nificantly affected the distribution of occupations
by quartile.  Of the 454 occupations in the dis-
tribution of employment, the first quartile in-
cluded 112 and the second, 152.  The third
quartile contained 134 occupations and the
fourth, 56.

The highest earnings quartile’s share of growth
between 1986-96 was disproportionately high, at
31.1 percent; the lowest quartile’s share was 24.1
percent. The first quartile showed the greatest oc-
cupational growth and the third quartile, the least.
This reflects the different growth rates for occu-
pations in the different quartiles.

The distribution of employment growth by
quartile was affected significantly by the con-
centration of occupational growth.  Of the 454
occupations, 16 accounted for 50 percent of
the change in employment from 1986 to
1996.44  Five of these occupations were in the
top earnings quartile; three each were in the
second and third quartiles, and five were in
the lowest quartile.

What do these trends really tell us?
The high rates of growth over the 1986-96 pe-
riod for occupations requiring at least a
bachelor’s degree clearly indicate that the
economy is placing an increasing emphasis on
workers with extensive higher education.  This
is confirmed by the rapid growth of occupations
with the highest earnings, which are highly cor-
related with educational attainment.  Neverthe-
less, despite employers’ growing need for these
highly educated workers to handle increasingly
complex tasks, 2 of every 3 jobs created over
this period were in occupations that do not re-
quire a degree.  Shifts in employment across
education and training categories occurred
slowly, since the rapidly growing, high-educa-

tion occupations account for a relatively small
share of employment.  For example, despite their
rapid employment growth, occupations that gen-
erally require at least a bachelor’s degree in-
creased their share of employment by only 1.8
percentage points over the period, from 20.3
percent to 22.1 percent.

While part of the economy is characterized
by industries undergoing rapid technological
change, the rest is characterized by activities that
change relatively slowly.  For these dramatically
changing sectors, consumer demand and chang-
ing demographics provide a strong impetus for
continued growth in lesser skilled jobs.

Relationship between Earnings and
Skill

The generally increased skill level of the labor
force was the focus of the previous section.  We
concentrate now on the the more day-to-day con-
cerns of employers and employees on how skills
are rewarded.  Human capital theory codifies the
roles of education and on-the-job training in the
acquisition of job skills, and the relationship be-
tween these skills and earnings.45  According to
this theory, workers’ skills are the primary source
of their productivity, although the skills of dif-
ferent individuals may be very different.  In the
case of the U.S. workforce, these skills are ex-
tremely difficult to measure directly.  But there
is a systematic relationship between education
and training, on the one hand, and wage rates on
the other, because people acquire skills through
education and training.  According to human
capital theory, firms pay higher wage rates to
more educated and experienced workers, all else
being equal, because their additional skills raise
their productivity compared to workers with less
education and work experience.  People invest
in education and training, both by paying the
direct costs and by incurring the opportunity

Text table 10.  Employment by earnings quartile, 1986 and 1996

Total ........................ $ 5.01-60.01 100.0 100.0 100.0
1 ........................ 60.00 -115.39   23.9   25.1 031.1
2 ........................ 15.39 -10.63   24.6   24.6 024.7
3 ........................ 10.61 -7.51   26.5   25.5 020.1
4 ........................   7.47 -5.01   25.0   24.8 024.1

Percent distribution

Range of  median
hourly earnings, 19961

1986
employment

1996
employment

Employment
change,
1986-96

Earnings
quartile

1 Nominal.
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costs associated with these investments, in or-
der to earn a higher wage rate in the future.

To illustrate the relationship between educa-
tion and earnings, the following tabulation shows
the ratio of hourly compensation of college to high
school male and female graduates from 1970 to
1997, holding other characteristics constant.46

1970 1980 1990 1997

Men 1:36 1:29 1:51 1:62
Women 1:23 1:32 1:56 1:65

In 1970, college educated men earned about
36 percent more than high school graduates.  Start-
ing around 1980, college educated workers be-
gan to fare substantially better than less educated
workers.  By 1997, the gap had nearly doubled to
62 percent.  The results are even more striking
for women.  College educated women earned 23
percent more than high school graduates in 1970
and 65 percent more in 1997.

Similar patterns can be seen in the relation-
ship between experience and earnings.  As noted
in the section on broad measures of change in edu-
cation and work experience, BLS has constructed
estimates of actual work experience from the So-
cial Security Continuous Work History file.  Analy-
sis of these data reveals that the wage rates of more
experienced workers have also increased, relative
to the wage rates of younger workers. The tabula-
tion below shows the ratio of hourly compensation
of men and women having 15 years to 5 years of
experience over the period, 1970 to 1997.

1970 1980 1990 1997

Men 1:47 1:70 1:70 1:64
Women 1:15 1:22 1:28 1:35

The relative earnings of more experienced
women have continued to rise throughout the last
27 years.  For men, however, work experience com-
manded increasing premiums until the mid-1980s;
those premiums have remained stable since then.

Other researchers have shown that growing
wage inequality also arises within narrowly de-
fined categories of industry, sex, age, and school-
ing.47  Many of the economic forces that underlie
these increases in the variance of wage rates within
narrow industrial and demographic categories
have been mentioned in the section on the eco-
nomic environment.  But their effects on wage
rates are partially hidden when they are analyzed
in terms of broad measures of skill such as earn-
ing and experience.  Consequently, it is useful to
examine the structure of earnings, and particu-
larly the relationship between wage rates and more

specific measures of job skills, within broadly de-
fined occupational categories.

Not everyone in a given occupation has the
same level of skill, and not all jobs within a given
occupation require equal levels of skill. Thus, it
is not surprising that wage rates vary within an
occupation.  Several variables have been identi-
fied as having an effect on pay scales—union-
ized workers generally earn more than their non-
union counterparts; pay rates in the north are
higher than those in the south; large establish-
ments pay more than small ones; and men earn
more than women for comparable work.  While
these observations are useful for policy makers,
they do not explain the pay setting mechanisms
used by individual firms.

John Dunlop, one of the first to describe the
interplay of the individual firm and product mar-
kets in setting wage rates,48  noted the importance
of the salary level of specific “key” jobs for the
pay rates of other jobs within an establishment.
The role of key or benchmark jobs is paramount
to the job classification and compensation setting
schemes commonly used today.49

A point-factor pay setting scheme is the most
common approach used by compensation ana-
lysts in setting pay rates within an establish-
ment.50 It usually starts with a careful evalua-
tion of jobs within a firm based on a set of de-
fined factors, of which skill is one.  Jobs are as-
sessed on how much of each factor they con-
tain.  Points are then assigned for each factor,
and a total point score is compiled for each job.
The point score is then translated into a salary
level.  Different establishments use different fac-
tors and different weights for each factor, reflect-
ing the relative value of each factor to the estab-
lishment.

The Occupational Compensation Survey
(OCS), and the half century of its predecessor
programs, compiled earnings data based on a pre-
selected job list.  These surveys were aimed at
collecting wages paid for specific jobs; the focus
was not on the individuals holding these positions.
Jobs were selected as key or representative occu-
pations in an area, industry, or for setting Federal
pay scales.

Not all jobs in the same occupation require
equal levels of skill or ability.  The surveys gath-
ered wage data for various levels within an occu-
pation. Skill requirements ranged from trainee to
journeyman, and beyond. The number of levels
varied by occupation.

The surveys used detailed job descriptions for
each job, as well as various job levels within an
occupation.  (As an example, see box on p. 56 for
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a brief synopsis of major distinguishing features
used to evaluate various levels for two jobs.)51.  In
practice, all the elements in each level definition
were considered in making a classification judg-
ment.  For example, in some occupations, indi-
viduals classified at different levels of an occu-
pation can perform work of essentially the same
complexity, but have significant differences in
direction received or responsibility for the direc-
tion of others.

Table 2-4 shows the proportion of workers at
each level for selected occupations surveyed in
1996.  Higher level jobs within an occupation re-
quire greater skill or knowledge, or both.  This
higher skill can be a reflection of higher tenure
(and associated additional experience and on-the-
job training) as well as more education.  As shown
in table 2-5, earnings also increased for higher
levels within an occupation.

Synopsis of major distinguishing characteristics used to determine job level
for two sample occupations under the Occupational Compensation Survey

Budget  analyst
Level I: Trainee. Clearly defined tasks. Comparing and verifying data. Preparing budget

forms. Examining and highlighting deviations in reports.

Level II:  Routine, recurring analysis work. Gathering, extracting, reviewing, verifying, and
consolidating data. Examining and comparing budget requests.

Level III: Relatively stable operation analysis. Forecasts funding needs. Reviews and verifies
data. Formulates and revises estimates. Explores funding alternatives. Certifies ob-
ligations and expenditures. Recommends transfer of funds within accounts.

Level  IV: Analytical support for budgets requiring annual modifications.  May recommend
new budgeting techniques.  Cost-benefit analysis and program trade-offs studies.
Confers on request modifications. Develops procedures for budget requests. Pre-
pares status reports. Recommends adjustments. Advises management. Serves as
budget liaison.

Accountant
Level I: Trainee, learns to prepare financial statements.

Level II: Prepares financial statements, working papers and periodic reports following a set
of rules and procedures.

Level III: Maintains conventional and relatively stable accounting system or segment.  Solves
moderately complex accounting problems and makes decisions.

Level IV: Maintains complex accounting system or segment.  Makes frequent recommenda-
tions for new accounts, revisions in account structures, new types of ledgers, or
revisions in the reporting system.

Level V: Work extends beyond accounting system maintenance. Participates in developing
and revising accounting systems and procedures.  Works with operating managers
to explain how changes in the accounting system will affect them.

Level VI: Complete responsibility for establishing and implementing new and revised ac-
counting systems and procedures.  Accounting program is complex.  Typically a
corporate level job.

Periodic additions and deletions were made
to the jobs selected for study in an effort to reflect
changing labor market conditions. The definitions
and number of levels were also modified from time
to time. These changes were relatively slight from
one year to the next, but the cumulative effect of
these modifications and other changes in the
sample design renders it difficult to make com-
parisons over time.

The OCS survey has been integrated into the
National Compensation Survey (NCS), as part of
an effort to combine several compensation pro-
grams into a single vehicle that can produce lo-
cal, regional, and national statistics on levels,
trends, and characteristics of pay and benefits.52

Under this umbrella program, the use of a pre-set
job list was dropped.  In its place, the NCS col-
lects data on randomly selected occupations.  BLS
economists use a factor evaluation system to
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National Compensation Survey: Factor Evaluation System

Factor 1 - Knowledge
1. Knowledge to perform simple tasks, requires little or no previous education/training.
2. Knowledge of commonly used procedures, requires some previous training.
3. Knowledge of standardized rules. Requires considerable training or experience.
4. Knowledge of extensive rules in a generic field to perform a wide variety of tasks.
5. Knowledge of specialized, complicated, techniques. BA/S degree or experience.
6. Knowledge of a wide range of administrative methods. Graduate study or experience.
7. Knowledge of a wide range of concepts or principles. Extended graduate study or

experience.
8. Mastery of administrative field to apply experimental theories or new developments.
9. Mastery of administrative field to develop new hypotheses and theories.

Factor 2 – Supervision received
1. Supervisor makes specific assignments, employee closely monitored.
2. Employee handles ongoing assignments, supervisor makes decisions.
3. Supervisor provides objectives and deadlines; employee plans tasks. Review based

on conformity to policy.
4. Supervisor sets objectives, employee sets deadlines/plans tasks. Review based on

meeting requirements.
5. Supervisor defines mission, employee responsible for all planning. Review in terms

of meeting program objectives.

Factor 3 – Guidelines
1. Guidelines are specific and detailed; employee follows them strictly.
2. There is a list of guidelines; employee chooses most appropriate.
3. Guidelines are not always applicable; employee uses judgment in adapting them.
4. Guidelines are scarce but policies are stated; employee may deviate from traditional

methods to develop new methodology.
5. Guidelines are broadly stated; employee is a technical authority in development of

guidelines.

Factor 4 – Complexity
1. Tasks are clear cut and easily mastered. No decision making.
2. Tasks involve related steps requiring employee to recognize different steps.
3. Tasks involve unrelated methods; employee must recognize them and choose based

on relationships.
4. Tasks involve unrelated methods; employee must assess approach.
5. Tasks involve unrelated methods; decisions deal with uncertainty.
6. Tasks involve broad functions; decision making involves undefined issues.

Factor 5 – Scope and effect
1. Little impact beyond immediate organization.
2. Work impacts future processes.
3. Works affects the operation of the program.
4. Work affects wide range of establishment activities or operations of other establish-

ments.
5. Work affects work of other experts or development of major program aspects.
6. Work is essential to the mission of the establishment.
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evaluate each job.  The system is based on 10
“generic” factors:

• Knowledge
• Supervision received
• Guidelines
• Complexity
• Scope and effect
• Personal contacts
• Purpose of contacts
• Work environment
• Physical demands
• Supervisory duties53

A weighted value of each factor is then used
to assign job levels.  See the box on p. 22 for a
summary of the criteria used in evaluating each
factor.54

The occupational levels used by NCS differ
from those in the OCS.  Under OCS, the lowest

National Compensation Survey: Factor Evaluation System—Continued

Factor 6 – Personal contacts
1. Contacts are with employees in immediate office or with public; highly structured

situations.
2. Contacts are with employees in the same establishment (in or out of office) or with

public in moderately structured situations.
3. Contacts are with individuals and groups outside the organization. Each contact is

different.
4. Contacts are with high ranking officials in unstructured settings.

Factor 7 – Purpose of contacts
1. The purpose is to obtain, clarify, or give facts.
2. The purpose is to plan, coordinate, or advise on work efforts.
3. The purpose is to influence, motivate, interrogate, or control persons or groups.
4. The purpose is to justify, defend, negotiate, or settle matters involving significant/

controversial issues.

Factor 8 – Physical demands
1. Work is sedentary.
2. Work requires physical exertion.
3. Work requires considerable and strenuous physical exertion.

Factor 9 – Work environment
1. Work involves everyday risk—normal safety precautions.
2. Work involves moderate risk—special safety precautions.
3. Work involves high risk.

Factor 10 – Supervisory span of control
1. No supervisory responsibility.
2. Group Leader—nonsupervisory person who leads work activities.
3. First line supervisor.
4. Second line supervisor.
5. Third line supervisor.

level for any given occupation was set as 1, gen-
erally an entry-level position.  Both skilled and
unskilled occupations were classified as level 1.
In contrast, NCS uses characteristics and fac-
tors to determine occupational levels.  Thus, the
lowest level for a given NCS occupation need
not be 1.

Different occupational groups have different
generic leveling profiles.  One useful aspect of
the generic leveling data is that disparate occu-
pations can be measured on common scales.  Table
2-6 presents modal values of three generic fac-
tors—knowledge, supervision received, and
guidelines—within broad occupational groups.55

Knowledge captures schooling, work experience,
and other training used on the job, and is mea-
sured on a scale of one to nine.  As measured by
this factor, professional and executive jobs require
large amounts of skill.  Technical, clerical, and
precision production jobs involve moderate
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amounts of this factor, whereas operatives, labor-
ers, and service occupations involve substantially
lower amounts of knowledge.

Various occupational groups exhibit differ-
ences along other dimensions as well. Thus, table
2-6 also lists modal values for two other factors,
each of which is measured on a scale of one to
five.  Supervision received measures the extent
of direct or indirect controls exercised by super-
visors, such as the degree to which assignment
priorities and deadlines are set.  Guidelines as-
sess the extent to which policies and procedures
in the job are made explicit, and the extent to
which individual employee judgment in apply-
ing policies is required.  Occupational groups
with higher knowledge measures also tend to
have higher measures for these other two fac-
tors.  Nevertheless, the other factors measure
different job attributes that vary independently
of knowledge.

Jobs with different levels of the job attributes
pay different wage rates, as demonstrated by
table 2-7, which shows the mean hourly wage
rates for occupations with given levels of knowl-
edge.  On average, wages increment by about
30 percent as knowledge increments one level.
Other factors, including the other generic level-
ing factors and other job attributes such as full-
time status and occupation, are not held fixed in
these comparisons.

Table 2-7 illustrates the substantial differ-
ences in hourly wages across jobs within a given
occupational category.  There is substantial dis-
persion within the occupational group about the
group modal values presented above, and within
broad occupational groups.  Higher job duties
command higher pay.  Although there are dif-
ferences in wages across occupational groups—
for instance, Precision Production and Transport
jobs tend to uniformly pay more than other jobs
with the same level of knowledge—those differ-
ences are often small, at least as measured rela-
tive to the typical wage differences across adja-
cent levels of knowledge.  Thus, the generic lev-
eling factors capture some characteristics of jobs
that are associated with higher wages that are
difficult to identify except by recourse to job title.
That is, typical professional jobs and typical
technical jobs pay very different amounts, but
professional and technical jobs with the same
level of knowledge pay much the same.

Wage differences across occupational groups
for a given level of knowledge partly reflect dif-
ferences in other job duties or attributes.  Wage
regression analysis is one way to determine
whether this is the case.  In essence, regression is

a statistical method that allows one to isolate the
effects on wage rates of a given factor or vari-
able, holding other variables fixed.  Table 2-8
gives the estimated wage premiums to knowledge
from such a regression.56  For example, the first
number in the table, 9.5 percent, indicates that
jobs with Knowledge=2 pay about 9.5 percent
higher than jobs that have Knowledge=1 but that
otherwise appear similar.57  Generally speaking,
a one unit increment to knowledge usually raises
wages by about 10-15 percent, holding other fac-
tors fixed.  This is roughly comparable to the wage
premium associated with full-time status, or with
union coverage.

The wage premiums associated with knowl-
edge are higher than those associated with the
other factors.  For example, the premiums for in-
crements to supervision received in the same wage
regression are all on the order of 7-10 percent,
and similarly so for guidelines.  There appear also
to be some less substantial premiums for the fac-
tors of complexity, scope and effect, and supervi-
sory duties.  There are, moreover, relatively neg-
ligible wage premiums for the other factors, which
include measures of how job incumbents interact
with others inside and outside of the establish-
ment, and measures of the physical aspects of the
job.  Therefore, job attributes relating to interper-
sonal relationships seem not to affect wages, ex-
cept insofar as they relate to managerial aspects
of work.  In addition, physically difficult or dan-
gerous jobs seem to pay about the same as jobs
that would otherwise have comparable duties.58

In sum, results obtained from the NCS survey
indicate that the duties most highly valued by the
marketplace are generally cognitive or supervi-
sory in nature.  To the extent that these measures
of job duties or job attributes reflect individual
incumbent worker skills, the results suggest that
cognitive abilities are quite highly valued by em-
ployers.  This result is generally in accord with
the findings presented earlier in this chapter relat-
ing wages to schooling and work related training.

Occupational Shortages59

“Evolving technology, shifts in consumer taste,
and innovative business practices are among the
contributors to progress over the past 35 years
and to anticipated growth for the future.”60  Analy-
sis of historical employment trends has shown that
technological and other demands in the economy
have placed a premium on higher levels of edu-
cation and training.  BLS develops employment
projections for more than 500 detailed occupa-
tions, which reveal that higher levels of educa-
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tion are associated with the fastest employment
growth and high earnings.61  For the 1996-2006
period, the rates of growth range considerably:
from an increase of 118 percent for database ad-
ministrators, computer support specialists, and all
other computer scientists to a decline of 75 per-
cent for typesetting and composing machine op-
erators.

Among the 30 occupations that are projected
to grow the fastest, educational requirements and
earnings of workers are quite varied; about half
require education or training beyond high school.
In fact, all education and training categories re-
quiring at least an associate’s degree or higher
are projected to grow faster than average and have
higher than average earnings.

Projections indicate that occupations requir-
ing a bachelor’s degree will grow almost twice as
fast as the average for all occupations.  The top
three fastest growing occupations, which are all
computer-related, require at least a bachelor’s
degree and, in 1996, had median weekly earn-
ings that were much higher than average for all
full-time wage and salary workers.

Not all of the occupations projected to grow
the fastest, however, are in fields requiring
postsecondary education.  Six of the top 10 fast-
est growing occupations require varying levels of
on-the-job training.  These include occupations
such as personal and home health aides, medical
assistants, desktop publishing specialists, and
physical therapy assistants.  Despite the fact that
jobs usually requiring an associate degree or
higher are expected to grow faster than average
over the 1996-2006 period, the majority of occu-
pations with the largest expected job growth will
require less than an associate degree.

Whenever there is sustained rapid employ-
ment growth, there is potential for concern on the
part of employers and others about occupational
shortages.  Labor shortages occur in a market
economy when the demand for labor in a particu-
lar occupation exceeds the supply of workers who
are qualified, available, and willing to do that job.
Jobs go vacant as employers seek to hire more
workers than are willing to work at the prevailing
wage or salary.62

The term “labor shortage” is often used to
describe a variety of situations, some of which
are not generally considered by economists to be
actual shortages.  When labor is plentiful, em-
ployers become accustomed to hiring workers
with specific training or levels of experience.
When the labor market tightens, however, the
number of job applicants is likely to shrink, and
employers may have difficulty finding that same

caliber of candidate.  The employers may be able
to fill positions by offering higher wages; other-
wise, they may have to settle for candidates who
do not match their notion of “ideal.”  Under these
labor market conditions, the issue becomes one
of the quality of job candidates, not necessarily
quantity of people willing and able to do that job.
From the employers’ perspective, a shortage of
workers exists; from the job market perspective,
the existence of a shortage could be questioned
because a qualified worker filled the job.

Economists who have studied occupational
shortages generally hold the view that in an un-
constrained market, supply will equal demand at
the “true” market price.  If demand exceeds sup-
ply, salaries will be bid up until the market clears.
Thus, in theory, most labor shortages should dis-
appear as employers increase wages to attract
more workers.  Different types of shortages re-
sulting from various labor market situations may,
however, require very different responses from
both employers and workers.

Labor shortages can result from a sudden or
persistently rapid increase in demand, which out-
paces the job market’s capacity to supply work-
ers.  Often, this type of shortage results from an
increase in demand for particular goods or ser-
vices.  Even though wages and the labor supply
also may be increasing, a shortage may result be-
cause they cannot keep up with demand. If the
supply of labor is flexible enough to adjust suffi-
ciently, however, an  increase in demand alone
may not lead to a shortage.

Shortages resulting from inflexible supply, on
the other hand, can occur in occupations for which
demand and the level of compensation fail to at-
tract a sufficient number of jobseekers.  When
years of education and specialized training are
required of an occupation, a lag will continue to
exist between supply and demand, even if em-
ployers increase wages.  This is the case with oc-
cupations such as physicians and college or uni-
versity faculty.  A decrease in the supply of labor
can also create a labor shortage, especially in tight
labor markets where employers face keener com-
petition for workers.  If wages are higher in other
occupations, workers are faced with more choices,
making employment in one occupation or for one
employer more or less attractive than another.

A slow reaction or response time by employ-
ers or by workers also will slow market adjust-
ment time.  It may take time for employers to rec-
ognize the difficulty of finding workers or for
workers to realize the opportunities available.
Also, response time may be slowed by institutional
barriers, such as limited enrollment capacity in
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training institutions or requirements such as li-
censing and certification.

Reluctance on the part of employers to raise
wages often causes, or at least contributes to, a
shortage.  In some cases, the wage or salary level
cannot increase because of a fixed compensation
structure within an organization. Employers may
also be reluctant to raise wages or salaries because
the company places a higher priority on avoiding
increases in costs.  If wages are increased to at-
tract new employees, the employers may then have
to increase the wages of workers already on their
payrolls to avoid dissension among longer ten-
ured, more experienced employees.

Besides increasing wages, employers can re-
spond in a number of other ways when faced with
the difficulty of filling vacancies, but generally
try the least expensive response first.  One reac-
tion to a perceived shortage involves an increase
in recruiting efforts.  This can be accomplished
by stepping up advertising campaigns and by ex-
panding the recruiting area, which could involve
greater use of employment agencies, rewarding
existing employees who bring in new workers, or
offering bonuses to new hires for joining the firm.

Employers may handle staffing shortages by
increasing the use of overtime, restructuring the
workforce, or using workers from one occupation
to perform the tasks of another occupation.  To
illustrate: in response to a shortage of registered
nurses in the late 1980s, hospitals asked existing
staff to work more overtime and restructured the
work to make more use of nursing aides, licensed
practical nurses, and other hospital workers.

Employers who have difficulty filling vacan-
cies may also relax or reduce the minimum quali-
fications for the job or expand worker training,
or both (in many cases, the two go hand-in-hand).
After relaxing the hiring specifications, employ-
ers may find that the work can be completed by
conducting additional training to bring less quali-
fied workers up to speed.  This may involve pro-
viding financial assistance to persons still in
school, with the stipulation that they will stay with
the firm for a specified time once the training is
completed.

No single empirical measure of occupational
shortages exists, nor does it appear that one can
easily be developed.  Data available through the
Nation’s statistical programs, however, can be
used to observe some aspects of supply and de-
mand and assess job market conditions.  Research
on shortages indicates that available data on em-
ployment, unemployment rates, and wages can
be evaluated to assess the existence of or poten-
tial for a shortage.63

By looking at “snapshots” of the labor mar-
ket over time, it is possible to evaluate changes in
demand and supply for a particular occupation.
For example, dramatic growth in employment in
a particular occupation over a period of time likely
reflects a significant rise in demand for that type
of worker.  Likewise, an uncharacteristically low
unemployment rate for a specific occupation may
imply the demand of workers exceeds supply.
Rapidly rising relative wages in a particular oc-
cupation also could be associated with a level of
demand that exceeds supply.

Assessing supply and demand in a specific
occupation also requires analysis of factors such
as educational qualifications, training, and entry
requirements.  Clearly, job market conditions for
occupations such as physician and registered
nurse, which require specific academic training
and a license, must be analyzed differently than
for fast food preparation and service workers, jobs
that are often filled by high school students.  Data
on academic completions collected by the U.S.
Department of Education, for example, provide
information on the supply of graduates by field
of study and level of degree for any given year.

Most research studies emphasize the impor-
tance of considering multiple measures of labor
market conditions and tracking them over time
to determine whether conditions of a shortage
exist.  Available data should be combined with
background information on the occupation and
knowledge of the workings of the labor market.
Information on supply such as data on demo-
graphic characteristics, educational completions
by field of study, and employer education and
training requirements plays a significant role in
completing an analysis of the labor market in an
occupation.

As indicated earlier in this chapter, the United
States has enjoyed over 7 years of economic ex-
pansion, during which the national unemployment
rate dropped from 7.5 percent in 1992 to 4.5 per-
cent in 1998, the lowest level since 1969.  As the
labor market tightened over this period, shortages
in certain occupations were widely reported in the
media, led by stories of unmet needs for workers
skilled in information technology. Groups such
as the Information Technology Association of
America and the U.S. Department of Commerce’s
Office of Technology Policy identified what they
considered “substantial evidence that the United
States is having trouble keeping up with the de-
mand for new information technology workers.”64

Shortages also were reported for construction la-
borers and craft workers.  According to the Na-
tional Center for Construction Education and
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Research, “Sixty-five percent of the contractors
responding to its third annual survey in 1997 re-
ported shortages in one or more crafts.”65  Related
stories in papers across the country proclaimed the
resurgence of a shortfall of registered nurses, a need
for qualified teachers, and even shortages of work-
ers such as roustabouts and nannies.

At this time, no specific sources of data exist
that provide a measure of occupational shortages.
In the absence of any definitive measure, analysts
generally rely on labor market data to corrobo-
rate anecdotal reports of employers’ difficulties
in filling jobs.  Labor market data, combined with
background information on a specified occupa-
tion, anecdotal evidence, and factors of demand
and supply work in combination to assess occu-
pational shortages.

Conclusion

When change occurs in the production of goods
and services both workers and employers must
adapt.  The types of jobs employers need are dic-
tated in large part by changing consumer demands
and international trade, but also by changes in
technology, which evoke a restructuring of the
nature of work.  Workers have responded by ac-
quiring the skills needed through education and
job training.  Changing family relationships have
led women to enter the labor market in increas-
ing numbers.  Those workers who have gained
skills that are in demand have been increasingly
well rewarded.  This chapter documents many of
these effects.

Skills are, of course, multidimensional.  Fur-
thermore, some dimensions of skill are quite dif-
ficult to measure.  This chapter therefore adopts
the pragmatic approach of measuring skills in
different ways.  At times, schooling and work
experience levels have been used as a proxy for
skill.  At other points, wage rates themselves have
been used to measure skill.  The main emphasis
has been, however, on occupation as a summary
indicator of skill.

The most fundamental finding is that skills
are rewarded.  It is abundantly clear that greater
schooling and training tend to lead to higher
wage rates.  It is also clear that there are sub-

stantial differences in job duties and wage rates,
both across occupations and within occupations.
Occupations have specific competency profiles,
and competency pays.  This appears to be par-
ticularly true for competencies or abilities that
might be broadly considered cognitive in nature.
The ability to do complex work or manage ef-
fectively is also highly valued. Differences in
competencies have resulted in wage dispersion
within occupations.

By most of our measures, the skill levels of
the American workforce have increased substan-
tially in the recent past.  This is most apparent in
increased schooling levels.  It is also apparent in
occupational shifts.  Most employment growth is
in occupations not requiring a postsecondary de-
gree—a set of occupations that spans a large frac-
tion of the jobs in the American labor mar-
ket—but occupations with higher schooling re-
quirements are growing faster than average.
Consequently, employment has shifted toward
occupations requiring more education and
training.

These occupational shifts are reflected in oc-
cupational upskilling, meaning shifts in employ-
ment toward jobs that tend to pay higher wages.
Conceptually such upskilling can occur through
shifts in the industrial structure, or through shifts
in occupational composition within industries.
The relative importance of these avenues of oc-
cupational upskilling differ among industrial cat-
egories, at least in the labor market of the 1990s.
The primary contributor to the increase in skills
is occupational upgrading within industries.
Shifts in industrial composition account for a
small portion of the overall increase in skill
change.  In addition, most of the change is due
to the growing service-producing industries.

There is no guarantee that the forces causing
changes in the recent past will persist into the near
future.  The value and need for skills will, there-
fore, likely change in unpredictable ways.  “Al-
though employers will continue to require work-
ers at all levels of education and training, those
with the most education or work experience usu-
ally will have more options in the job market and
better prospects for obtaining the higher-paying
jobs.”66
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Table 2-1. Employment shifts among occupational groups averaged over detailed industries
sorted by change in share. 1989-97

All industries
Professional ...................................... 24.4 29.0    4.6 $19.01
Sales workers .................................... 10.1 10.7      0.6   15.07
Production II ...................................... 14.7 12.9  - 1.8   10.33
Agricultural ........................................  0.4    0.5      .1     9.59
Production I ....................................... 12.9 11.2  - 1.7   13.84
Service occupations .......................... 7.8  8.9    1.1     9.25
Managerial ........................................ 14.7 13.6  - 1.1   26.96
Clerical .............................................. 15.0 13.3  - 1.7   10.93

Goods-producing sector
Production II ...................................... 30.4 30.7      .3   11.47
Production I ....................................... 25.5 27.7    2.2   15.34
Agricultural ........................................  .3     .7      .4   11.66
Sales workers .................................... 3.6   3.7      .1   20.55
Service occupations ..........................  .9     .7    - .2     10.20
Professional ...................................... 16.6 15.1  - 1.5   19.99
Managerial ........................................ 14.0 13.7    - .3   29.91
Clerical ..............................................  8.7   7.6  - 1.1   11.94

Service-producing sector
Professional ...................................... 28.0 33.6    5.6   18.68
Sales ................................................. 13.1 13.0    - .1   13.25
Production I .......................................  7.1   5.7  - 1.4 13.34
Agricultural ........................................   .4     .4     (4)     9.04
Service occupations .......................... 11.0 11.6      .6     8.93
Production II ...................................... 7.4   7.0    - .4     9.95
Managerial ........................................ 14.9 13.5  - 1.4   25.97
Clerical .............................................. 18.0 15.2  - 2.8   10.59

1 Calculated by multiplying the total industry employment of each occupation by its wage rate.
2 Includes machine setters, set-up operators, operators, and tenders; hand working production occupa-

tions; plant and system occupations; transportation and material moving machine and vehicle operators;
and helpers, laborers, and material movers, hand.

3 Includes production supervisors; inspectors; mechanics, installers, and repairers; construction trades
and extractive occupations; and precision production occupations.

4 Indicates value is less than 0.05 percent and greater than -0.05 percent.

  SOURCE: Tabulations from the Occupational Employment Statistics Survey 1989-97, Bureau of Labor
Statistics, U.S. Department of Labor
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Table 2-2.  Index of skill change within occupational groups, 1989-97

All industries ................................. - 0.4    0.7    0.3    0.8  - 0.8       0.6   (3)

Goods-producing sector: ..............   .4   - .1      .6    - 1.0  - 2.1        .8     (3)
   Mining and Construction ............    .7  - 1.0    1.1    - .6    - .1        .7      - 0.8
   Manufacturing ............................    .3      .2      .5    - 1.1  - 2.8        .9      .2

Service-producing sector: .............  - .7      1.0      .2    1.4    - .3        .5 (4)
   Transportation,  communications,
     public utilities ...........................  - .6  -   .4  -   .3    - .1  - 1.6        .2 (4)
   Trade .........................................   .4      .2      .4      .3    1.2       2.2 (4)
   Finance,  insurance, and
     real estate ................................  (3)    - .1      .7    - .7    - .5       2.5 (4)
   Services ....................................  - 1.5    1.9     .1    2.7    - .8     - .6 (4)

1 Includes production supervisors; inspectors; mechanics, installers, and repairers; construction trades
and extractive occupations; and precision production occupations.

 2 Includes machine setters, set-up operators, operators, and tenders; hand working production occupa-
tions; plant and system occupations; transportation and material moving machine and vehicle operators;
and helpers, laborers, and material movers, hand.

3 Indicates value is less than 0.05 percent and greater than -0.05 percent.
4 Data do not meet publication standards.

  SOURCE: Tabulations from the Occupational Employment Statistics Survey 1989-97, Bureau of Labor
Statistics, U.S. Department of Labor.
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Table 2-3.  Employment shifts among clerical, service, and production I1 occupations within
detailed industries averaged across all industries, 1989-97

Clerical
Industry-specific clerical ....................... 8.5 10.7   2.2 $10.74
Material recording, scheduling,
  dispatching, and distributing ............... 14.6  14.7 0.1    10.74
First line clerical supervisors ................ 9.1 10.9   1.8   15.62
Other clerical occupations .................... 2.6   2.9 .3   11.14
Communications equipment operators
  and mail clerks ................................... 1.9    1.7   - .2      9.12
Data-processing and other office
  machine operators .............................  4.2   3.4  - .8   10.79
Secretaries ........................................... 59.1 55.8 - 3.3   10.66

Service
Service supervisors .............................. 11.3   9.1  - 2.2   15.00
Protective service ................................. 15.6 13.7  - 1.9   10.14
Food and beverage preparation
  and service ......................................... 14.9 15.0      .1     8.11
Health services and related .................. 7.0 10.6   3.6     8.92
Cleaning and building service .............. 42.6 41.5  - 1.1     8.39
Personal service ...................................   3.2   4.0      .8     7.96
Other service occupations ....................   5.5   6.0      .5     9.70

Production I1

Production, construction,
  maintenance supervisors ................... 19.0 21.1 2.1   17.77
Inspectors and related .......................... 5.6   5.2  - .4   12.42
Mechanics, installers, and repairers ..... 46.3 48.2    1.9   13.01
Construction trades and
  extractive occupations ........................ 14.8 14.7     -.1   14.68
Precision production occupations ......... 14.4   10.8  - 3.6   13.10

   1 Includes the occupational groups listed in the table above and excludes machine setters, set-up
operators, operators, and tenders; hand working production occupations; plant and system occupations;
transportation and material moving machine and vehicle operators; and helpers, laborers, and material
movers, hand, which are aggregated under production II.

   2 Calculated by multiplying the total industry employment of each occupation by its wage rate.

  SOURCE: Tabulations from the Occupational Employment Statistics Survey 1989-97, Bureau of Labor
Statistics, U.S. Department of Labor

Percent share
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Table 2-4.  Percent distribution of workers in selected occupations by level,1 1996

I II III IV V VI VII VIII

Professional
Accountant ........................................ 9.1 31.5 36.7 17.9 4.3 0.6 - -
Accountant-public .............................. 20.2 30.3 33.6 15.9 - - - -
Attorneys ........................................... 9.2 21.9 30.4 25.2 10.9 2.3
Engineers .......................................... 4.8 12.3 26.3 29.1 18.7 7.0 1.6 0.2

Administrative
Budget analysts ................................. 6.3 27.4 41.2 25.1 - - - -
Buyer/contracting specialist ............... 14.9 44.2 31.1 9.8 - - - -
Computer programmers .................... 6.9 30.9 38.2 17.3 6.8 - - -
Computer systems analysts .............. 17.1 45.5 29.2 7.4   .8 - - -
Computer systems
   supervisors/managers .................... 46.6 43.0 10.4 - - - - -
Personnel specialists ........................ 3.4 27.3 37.9 24.0 6.5   .8 - -
Personnel supervisors/ managers ..... 35.0 40.1 20.2 4.7 - - - -
Tax collectors .................................... 13.5 46.7 39.8 - - - - -

Technical
   Computer operators .......................... 6.4 49.7 35.9 7.4  .6 - - -

Drafters ............................................. 11.4 34.6 36.3 17.7 - - - -
Engineering technicians .................... 2.9 12.5 26.8 33.2 19.8 4.8 - -
Engineering technicians/civil ............. 9.0 17.5 35.2 27.7 9.2 1.4 - -

Protective service
Police officers .................................... 96.6 3.4 - - - - - -

Clerical
Clerks, accounting ............................. 3.1 49.0 38.4 9.6 - - - -
Clerks, general .................................. 3.6 30.8 43.7 21.9 - - - -
Clerks, order ..................................... 70.3 29.7 - - - - - -
Key entry operators ........................... 63.3 36.7 - - - - - -
Personnel assistants ......................... 7.8 39.6 41.0 11.6 - - - -
Secretaries ........................................ 16.8 31.7 34.5 14.3 2.7 - - -
Word processors ............................... 31.0 57.0 12.0 - - - - -

Maintenance and toolroom
Maintenance electronic technicians ... 9.6 75.4 14.9 - - - - -

Material movement and custodial
Guards .............................................. 87.6 12.4 - - - - - -
Truckdrivers ...................................... 11.1 26.2 26.3 36.4 - - - -

 1 Occupations included in Occupational Compensation Survey pre-set job list.
2 Data were compiled for four different truckdriver occupations—Light, medium, heavy, and tractor-

trailer.  For this illustration, these truckdriver occupations were classified as levels I, II, III, and IV, respec-
tively, because the job duties and skills required increased for each job level.

NOTE: Dashes indicate that the level was not applicable to the occupation.

SOURCE: Occupational Compensation Survey: National Summary, 1996, Bulletin 2497, March 1998,
Bureau of Labor Statistics, U.S. Department of Labor

 Level
Occupation

2
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Table 2-5.  Mean weekly and hourly earnings by level for selected occupations,1 1996

I II III IV V VI VII VIII

                    Weekly earnings

Professional
Accountant .......................................... $523 $626 $811 $1,041 $1,375 $1,734 - -
Accountant-public ................................ 594 641 747 977 - - - -
Attorneys ............................................. 700 952 1,260 1,647 1,994 2,415 - -
Engineers ............................................ 675 805 959 1,167 1,411 1,659 $1,962 $2,343

Administrative
Budget analysts ................................... 585 667 858 964 - - - -
Buyer/contracting specialist ................. 522 662 889 1,085 - - - -
Computer programmers ...................... 543 639 788 945 1,095 - - -
Computer systems analysts ................ 779 940 1,111 1,321 1,527 - - -
Computer systems supervisors/ ..........
   managers ......................................... 1,202 1,408 1,665 - - - - -
Personnel specialists .......................... 515 611 804 1,045 1,362 1,784 - -
Personnel supervisors/managers ........ 1,160 1,460 1,788 2,253 - - - -
Tax collectors ...................................... 513 588 771 - - - - -

Technical
Computer operators ............................ 357 448 576 689 820 - - -
Drafters ............................................... 408 504 640 816 - - - -
Engineering technicians ...................... 390 518 650 781 898 1,070 - -
Engineering technicians-civil ............... 356 489 593 730 865 1,081 - -

Protective service
Police officers ...................................... 770 930 - - - - - -

Clerical
Clerks, accounting ............................... 320 379 464 549 - - - -
Clerks, general .................................... 289 342 429 493 - - - -
Clerks, order ....................................... 345 477 - - - - - -
Key entry operators ............................. 353 414 - - - - - -
Personnel assistants ........................... 332 409 508 596 - - - -
Secretaries .......................................... 385 476 557 665 809 - - -
Word processors ................................. 389 496 610 - - - - -

                   Hourly earnings

Maintenance and toolroom
Maintenance electronic technicians ..... 11.89 18.14 20.56 - - - - -

Material movement and custodial
Guards ................................................ 7.11 12.14 - - - - - -
Truckdrivers ........................................ 8.53 14.81 13.38 14.24 - - - -

   1 See footnote 1, table 2-4.
   2 See footnote 2, table 2-4.

  NOTE: Dashes indicate that the level was not applicable to the occupation.

SOURCE:  Occupational Compensation Survey: National Summary, 1996, Bulletin 2497, March 1996,
Bureau of Labor Statistics, U.S. Department of Labor

2

Level
 Occupation
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Table 2-7.  Average hourly wage rates by knowledge level, 1998

1 2 3 4 5 6 7 8 9

    All ................ $6.68 $8.88 $11.96 $16.12 $18.61 $23.06 $31.15 $46.08 $53.68

Professional .... - - - 12.39 18.04 23.59 29.76 42.03 -
Technical ......... - 8.85 11.16 14.60 17.91 23.79 - - -
Executive ......... - - - 13.42 15.71 20.69 31.32 49.26 -
Sales ............... 6.30 7.74 10.16 14.62 - - - - -
Clerical ............ 6.84 9.02 11.58 15.05 16.24 - - - -
Precision
  production ..... -  9.36  13.65  18.07  21.89  25.35 - - -
Machine
   operatives .....  7.37  10.22  13.11  16.51 - - - - -
Transport ......... 7.27 11.66 14.59 18.17 - - - - -
Laborers .......... 7.13 9.75 13.33 - - - - - -
Service ............ 6.18 7.18 10.65 16.16 - - - - -

NOTE: Dashes indicate that the level was not applicable to the occupation.

SOURCE: Tabulations from the 1998 National Compensation Survey, Bureau of Labor Statistics, U.S.
Department of Labor

Table 2-6.  Modal values of selected generic leveling factors by major occupational group, 1998

Professional ................................................................. 6 3 3
Technical ...................................................................... 4 3 2
Executive ...................................................................... 6 3 3
Sales ............................................................................ 2 2 1
Clerical ......................................................................... 3 2 2
Precision production ..................................................... 4 3 3
Machine operatives ...................................................... 2 2 1
Transport ...................................................................... 2 2 2
Laborers ....................................................................... 1 1 1
Service ......................................................................... 2 1 1

Knowledge
(Scale:1-9)

Supervision
received

(Scale:1-5)

Guidelines
(Scale:1-5)

Major occupational group

SOURCE: Tabulations from the 1998 National Compensation Survey, Bureau of Labor Statistics,
U.S. Department of Labor

Major
occupational
group

Knowledge level
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Table 2-8. Estimated wage premiums for greater job duties, 19981

(in percent)

1 .................................... - - - - - - - - - -
2 .................................... 9.5 8.8 6.5 2.6 2.6 -1.2 2.5 -2.3 3.8 1.7
3 .................................... 18.7 17.1 11.5 7.8 5.4 1.6 3.3 -2.1 5.9 6.7
4 .................................... 35.6 25.6 21.0 9.1 7.0 6.5 2.9 - - 14.0
5 .................................... 57.2 38.2 35.0 14.0 14.0 - - - - 42.4
6 .................................... 80.5 - - 28.3 2.0 - - - - -
7 .................................... 106.7 - - - - - - - - -
8 .................................... 128.2 - - - - - - - - -
9 .................................... 116.6 - - - - - - - - -

1 The table presents wage differentials between jobs with the given levels of the job attribute and jobs
with the lowest level of the attribute.  Wage differentials are shown in percent, and are based on a wage
regression that controls for other characteristics of the establishment and job.

NOTE: Dashes indicate that the level was not applicable to the occupation.

SOURCE: Regression results from the 1998 National Compensation Survey, Bureau of Labor
Statistics, U.S. Department of Labor
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